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(54) Moving-hearth heating furnace and method for making reduced metal agglomerates 



(57) The moving hearth (2) is continuously or inter- 
mittently moved downward by the elevating devices (8) 
depending on the thickness of a metal oxide layer 
formed by the deposition of powder of metal oxide ag- 
glomerates mixed into the furnace together with the met- 
al oxide agglomerates so that a gap is provided between 
the surface of the metal oxide layer and the edge of the 
blade of a discharge screw (4) during operation. A 
means for preventing the formation of a metal plate and 
a method for operating the same are provided instead 



of a means and method including the vertical movement 
of a discharger for reduced metal, so that the mainte- 
nance work can be significantly reduced in a moving- 
hearth heating furnace, in which metal oxide agglomer- 
ates containing a carbonaceous material is placed on a 
moving hearth, the metal oxide agglomerates are heat- 
ed and reduced to form reduced metal agglomerates, 
and the reduced metal agglomerates are discharged 
from the furnace by a discharger to produce reduced 
metal. 
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Description 

[0001] The present invention relates to a technique for 
producing reduced metal agglomerates by heating and 
reducing metal oxide agglomerates containing a car- s 
bonaceous material using a moving-hearth heating fur- 
nace. Examples of the metal oxide agglomerates in- 
clude agglomerates of a raw material containing iron ox- 
ides, nickel oxide, chromium oxide, cobalt oxide, or a 
mixture of these substances. 10 
[0002] As a method for making reduced iron, the Mid- 
rex process is well known. In this process, a reducing 
gas formed from natural gas is blown into a shaft furnace 
through a tuyere so that the shaft furnace is kept in a 
reducing atmosphere, and iron ore or iron oxide pellets « 
charged in the furnace are reduced by being brought 
into contact with the reducing gas, and thereby reduced 
iron is obtained. 

[00O3] However, in this method, since natural gas, 
which is an expensive fuel, must be used to form the 20 
reducing gas and a large amount of natural gas must be 
supplied, an increase in production costs is inevitable. 
[0004] Under these circumstances, recently, process- 
es for producing reduced iron using relatively inexpen- 
sive coal Instead of natural gas as the reducing material 25 
have been receiving attention again. For example, U.S. 
Patent No. 3,443,931 discloses a process in which fine 
ore and a carbonaceous material (e.g., coal) are mixed 
together and pelletfred, followed by reducing by heating 
in a high -temperature atmosphere, to produce reduced 30 
iron. In this process, dried iron oxide pellets containing 
a carbonaceous material are fed Into a rotary hearth fur- 
nace at a given thickness, and the mixture is heated by 
radiant heat in the furnace while being moved in the fur- 
nace, and thereby the iron oxide pellets are reduced by ss 
the carbonaceous material. The reduced iron oxide pel- 
lets are radiation -coo led by a cooling plate, referred to 
as a chill plate, in the radiation cooling zone, and are 
then scraped away from the moving hearth by a dis- 
charge screw of a discharger and are discharged from 40 
the furnace. 

[0005] In addition to the fact that the reducing material 
is coal-based, this process is advantageous over the 
Midrex process in that, for example, fine ore can be di- 
rectly used, the reduction rate can be Increased, and the 49 
carbon content In the product can be adjusted. 
[0006] Although the process has the advantages de- 
scribed above, powder, which is generated from the iron 
oxide pellets due to various factors, such as rolling, fric- 
tion, or dropping impact when the petlets are fed into the so 
furnace, is also fed into the furnace together with the 
pellets. The fed powder is deposited on the moving 
hearth which rotates to form an iron oxide powder layer. 
Since the iron oxide powder layer includes the carbon- 
aceous material, it is reduced in the same manner as 55 
the iron oxide pellets, and thus a reduced iron powder 
layer is formed. Although a portion of the reduced iron 
powder is discharged from thefumace by the discharger 



together with the reduced iron pellets, the other portion 
of the reduced iron powder remains on the moving 
hearth and is pressed against the surface of the moving 
hearth by the discharger. The reduced iron powder 
pressed against the surface of the moving hearth is de- 
posited on the surface of the moving hearth without be- 
ing reoxidized because of Its denseness. Reduced iron 
powder is further added as the rotary hearth rotates and 
reduced iron powder is gradually integrated into the pre- 
viously deposited reduced iron powder to form a re- 
duced iron layer in the shape of a large plate. The plate- 
shaped reduced iron layer (hereinafter referred to as an 
"iron plate") may be scraped by the edge of the blade of 
the discharge screw and the separated reduced iron 
may be wound around the discharge screw or may pre- 
vent the reduced iron from being discharged because 
of clogging of the discharge port, giving rise to problems, 
such as shutdown. 

[0007] A depression exists on the surface of the mov- 
ing hearth after the iron plate is scraped off, and the 
charged agglomerates enter the depression. As a result, 
it Is not possible to charge the agglomerates at a given 
thickness, the agglomerates cannot be heated homoge- 
neously, and the rate of reduction varies for each ag- 
glomerate, resulting in a degradation in quality of the 
reduced iron. 

[0008] Under these circumstances, in order to prevent 
the formation of the iron plate, the applicant of the 
present invention has carried out thorough research on 
the formation mechanism of the iron plate, and has com- 
pleted an Invention in Japanese Patent No. 3075721 
(Prior Art 1 ). The above invention is characterized in that 
the operation is carried out by continuously or intermit- 
tently moving a discharger upward from the surface of 
amoving hearth, depending on the thickness of the iron 
oxide layer, so that a gap is provided between the sur- 
face of the moving hearth and the discharger. In the 
above invention, although the iron oxide powder layer 
formed on the moving hearth by powder mixed into the 
furnace together with the iron oxide pellets is reduced 
to form a reduced Iron powder layer, the reduced iron 
powder layer is not densrfied because It is not pressed 
by a discharger, such as a discharge screw, and the re- 
duced iron powder layer is reoxidized during passing 
through the furnace again to form an Iron oxide layer. 
Therefore, an iron plate Is not formed. 
[0009] As the discharger used in prior art 1 described 
above, a discharge screw having a schematic structure 
shown in Fig. 3 is generally employed. 
[0010] That is, as shown in Fig. 3, a through-hole 26 
is provided on the side wall of a moving-hearth furnace, 
and a screw axis 4 of the discharge screw is extended 
to the outside of the furnace and is supported by a screw 
axis bearing 24 arranged outside of the furnace. The 
screw axis 4 is revolved by a drive device for discharger 
2S arranged outside of the furnace through a chain or 
the like. Since the discharge screw must be moved ver- 
tically during operation, an elevating device 22 for mov- 



10 



15 



BNSDOCIQ <EP 1277B44A1_|_» 



2 



EP 1 277 844 A1 



3 

ing the screw bearing 24 vertically is provided, and an 
expansion joint 23, functioning as a gas-sealing means, 
which is made of metal is also provided so as to prevent 
air from entering the furnace through the gap between 
the through-hole 26 and the screw axis 4 and to prevent 5 
furnace gas from leaking out of the furnace, 
[0011 J However, in the metal expansion joint 23 as 
shown in Fig. 3, in general, since the amount of expan- 
sion in a direction perpendicular to the axial direction is 
smaller than the amount of expansion in the axial direc- io 
tion, it is difficult to secure the amount of vertical move- 
ment of the screw axis 4 required for the operation. Fur- 
thermore, as vertical movement is repeated, the expan- 
sion joint 23 is subjected to repeated elastic deform atlon 
in the direction perpendicular to the axial direction, and is 
damage : such as cracks, due to metal fatigue easily oc- 
curs. When such damage occurs, in order to replace the 
expansion Joint 23, the screw bearing 24 section must 
be disassembled by hailing the operation, and thus the 
maintenance work is troublesome. 
[0012] Although the case in which reduced iron ag- 
glomerates are produced using iron oxide agglomerates 
containing the carbonaceous material as raw materials 
by tho rotary hearth furnaco has boon described above, 
even when raw materials including nonferroue metal ox- 
ides, such as nickel oxide, chromium oxide, and cobalt 
oxide, instead of iron oxides, are used as raw materials, 
it is possible to produce reduced metal by metallizing 
these oxides. However, in such a case, since a metal 
plate similar to the iron plate described above is also 
formed on the surface of the hearth, the formation ot the 
metal plate must be prevented, thus giving rise to the 
same problems as those described above. 

SUMMARY OF THE INVENTION 

[0013] Accordingly, the present invention seeks to 
provide a moving-hearth furnace for producing reduced 
metal having a means for preventing a metal plate from 
beingformed otherthan moving a discharger (discharge 
screw) vertically, so that the maintenance work can be 
significantly reduced, and to provide a method for oper- 
ating the same. 

[0014] In the present invention, a moving-hearth heat- 
ing furnace Includes a moving hearth which moves with 
a metal oxide-containing material being placed thereon, 
a heating furnace for healing the metal oxide-conlaining 
material to produce a heat-treated material while the 
moving hearth is moving in the heating furnace, and a 
discharger for discharging the heat-treated material 
from the heating furnace, wherein the moving hearth is 
movable vertically. 

[0015] Further, in the present invention, the moving- 
hearth heating furnace includes an elevating device for 
moving the moving hearth vertically, the elevating de- 
vice being provided on a supporting section for support- 
ing the moving hearth. 

[0016] The moving-hearth heating furnace can further 



comprise a seal plate provided around the entire lower 
section of the moving hearth and a water-sealing trough 
fixed on a side wall of the heating furnace, wherein the 
length of the seal plate and the depth and fixing position 
of the water-sealing trough are determined so that the 
lower end of the seal plate is kept being immersed in 
water in the water-sealing trough when the moving 
hearth is moved upward to the upper limit. 
[0017] The moving-hearth heating furnacecan further 
comprise a columnar partition provided on the moving 
hearth and a roof having a recess, wherein the top of 
the columnar partition is inserted into the recess and the 
height of the columnar partition and the depth of the re- 
cess are determined so that the top of the columnar par- 
tition does not come out of the recess when the moving 
hearth is moved downward to the lower limit. 
[0016] In the present invention, a method for making 
reduced metal agglomerates includes the steps of feed- 
ing meial oxide agglomerates containing a carbona- 
ceous material onto a moving hearth which moves in a 
heating furnace, heating and reducing the metal oxide 
agglomerates to produce reduced metal agglomerates 
while the moving hearth is moving in the heating fur- 
nace, and discharging the reduced metal agglomerates 
from the heating furnace by a discharger provided 
above and in close proximity to the moving hearth in the 
heating furnace. The moving hearth is continuously or 
intermittently moved vertically depending on the thick- 
ness of a metal oxide layer formed by the deposition of 
powder of the metal oxide agglomerates mixed into the 
heating furnace together with the metal oxide agglom- 
erates so that a gap is provided between the surface of 
the metal oxide layer and the discharger during opera- 
tion. 

[0019] In the method for making reduced metal ag- 
glomerates, the rate of moving the moving hearth down- 
ward continuously or the amount of moving the moving 
hearth downward intermittently can be adjusted de- 
pending on the amount of powder of the iron oxide ag- 
glomerates entering the heating furnace 
[0020] In the method for making reduced metal ag- 
glomerates, the rate of moving said moving hearth 
downward can be adjusted so that a gap corresponding 
to three-fourths or less of the average diameter of the 
agglomerates is provided between the edge of a blade 
of a discharge screw of the discharger and the surface 
of the moving hearth or the iron oxide layer. 
[0021 ] In accordance with the present invention, since 
metallic powder generated by the reduction of powder 
of metal oxide agglomerates is not compressed into the 
surface of the moving hearth, the formation of a metal 
plate can bo prevented. In addition, the maintenance 
workload for the sealing mechanism of the discharger 
can be significantly reduced, continuous operation is en- 
abled for a longer period ottirne, and reduced metal hav- 
ing a high metallization rate can be obtained etably. 
[0022] The above and other aspects of the present in- 
vention will now be described in further detail, by way of 
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example only, with reference to the accompanying 
drawings, in which: 

Fig. 1 is a sectional view of a rotary hearth furnace 
according to an embodiment of the present inven- 5 
tion. 

Fig. 2 is a schematic diagram showing an elevating 
device provided on a supporting section of a rotary 
hearth of the rotary hearth furnace according to the 
embodiment of the present invention. J0 
Fig. 3 is a sectional view which schematically shows 
the structure of a discharge screw used in Prior Art 
1. 

[0023] Figs. 1 and 2 show an embodiment of the *5 
present invention in the case in which reduced iron, as 
the reduced metal, is produced using a rotary hearth fur- 
nace, as the moving-hearth healing furnace, and using 
iron oxide agglomerates as the metal oxide agglomer- 
ates. £0 
[0024] As shown in Fig. 1 , the rotary hearth furnace 
includes a furnace shell 1 and a rotary hearth 2. The 
furnace shell 1 does not have the commonly used an- 
nu I ar structure including an outer wall, an inner wall, and 
a roof linking them, as in the conventional method, but 25 
has a cap-shaped structure including only an outer wall 
and a roof, without an inner wall. The rotary hearth 2 
does not have the commonly used doughnut-shaped 
structure in which the central section is an empty space., 
but has a disk-shaped structure having a columnar par- 30 
tttion 3 provided in the center and extending upward. 
The reason for employing such a structure is that, as will 
be described above, a gas sealing means for an inner 
wall section is not required because an inner wail Is elim- 
inated, thus significantly reducing the maintenance 35 
work. 

[0025] A metalOc support frame 5 is disposed in con- 
tact with the lower surface of the rotary hearth 2 in order 
to support the weight of the rotary hearth 2 composed 
of a refractory material, and so on. An annular rail 6, 40 
which is concentric with the axis of the rotary hearth 2, 
is fixed upside down on the lower surface of the support 
frame 5. A plurality of support rollers 7 which support 
the rail 6 from below are placed on the same circumfer- 
ence as that of the rail 6. Each support roller 7 is pro- 45 
vided with an elevating device 8. A mechanically or elec- 
trically synchronising mechanism is provided between 
all the provided elevating devices 8. By operating the 
elevating devices 8, the plurality of support rollers 7 are 
moved vertically at the same time, and the rotary hearth 50 
2 can be elevated via the rail 6 supported by the support 
rollers 7 and the support framo S whilo the surface of 
the rotary hearth 2 is kept horizontal. 
[0026] Reference numeral 9 represents a rotating ax- 
is for rotating the rotary hearth 2 horizontal fy. The rotat- ss 
ing axis g is rotated by a driving device 17. As shown in 
Fig. 2 in detail, the rotating axis 9 includes an internal 
cylinder 10 of the rotating axis and an external cylinder 



11 of the rotating axis. The internal cylinder 10 of the 
rotating axis is joined to the lower surface of the support 
frame 5 so as to correspond to the axis of rotation of the 
rotary hearth 2. The external cylinder 1 1 is rotatably in- 
serted into a support device 13 fixed on the ground 
(floor) with radial bearings 14 and thrust bearings 15 
therebetween. The internal cylinder 1 0 and the external 
cylinder 11 are connected to each other by a spline 
mechanism, and the internal cylinder 10 moves smooth- 
ly In relation to the external cylinder 1 1 . Therefore, since 
the internal cylinder 10 moves vertically and contracts 
in conjunction with the vertical movement by the elevat- 
ing devices 8 provided on the individual support rollers 
7, the rotary hearth 2 is not prevented from being moved 
vertically. A sprocket 12 is mounted on the external cyl- 
inder 11 . The sprocket 12 is connected to a driving de- 
vice 17 including a motor and a speed reducer via a 
chain 1 6. Therefore, by using the rotating axis 9 and the 
driving device 1 7jl is possible lo move the rotary hearth 
vertically while rotating the rotary hearth at a desired ro- 
tational speed. 

[0027] A seal plate 18 is provided around the entire 
lower section of the rotary hearth 2 like a headband. As 
the rotary hearth 2 is moved vertically, the seal plate 18 
is also moved vertically. The seal plate 18 displays a 
gas-sealing function in a state in which at least the lower 
end thereof is immersed in water filled in a water-sealing 
trough 19. The water-sealing trough 19 is usually fixed 
on the side wall of the furnace, etc. The length of the 
seal plate 18 and the depth and fixing position of the 
water-sealing trough are determined so that the lower 
end of the seal plate 1 8 is kept being immersed in water 
in order to ensure water sealing suitable for the furnace 
pressure even when the rotary hearth 2 is moved up- 
ward to the upper limit and so that the lower end of the 
seal plate 1 8 does not hitthe bottom of the water-sealing 
trough 1 9 even when the rotary hearth 2 is moved down- 
ward to the lower limit. 

[0028] As the rotary hearth 2 is moved vertically, the 
columnar partition 3 provided on the rotary hearth 2 is 
also moved vertically- The top of the columnar partition 
3 is inserted into a recess 21 which is provided in the 
center of the roof 20 of the furnace shell 1 . The height 
of the columnar partition 3 and the depth of the recess 
21 are determined so that the top of the columnar par- 
tition 3 does not come out of the recess 21 even when 
the rotary hearth 2 is moved downward lo the lower limit 
and so that the top of the columnar partition 3 does not 
hit the bottom of the recess 21 even when the rotary 
hearth 2 Is moved upward to the upper limit. Additionally, 
the internal diameter of the recess 21 is slightly larger 
than the oxtomal diameter of the columnar partition 3 so 
that the rotation and vertical movement of the columnar 
partition 3 are not prevented and a large amount of fur- 
nace gas does not flow into the recess 21 . By using such 
a combination of the columnar partition 3 and the recess 
21 , it is possible to direct the gas flow in the reduction 
furnace in the moving direction (or in a direction opposite 
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to the moving direction) of the agglomerates, the same 
as the case when a furnace shell 1 provided with an in- 
ner wall, which is a commonly used structure in the con- 
ventional method, is used, and it is also possible to 
maintain high energy efficiency. Additionally, a gas-seal- 
ing means, which is required for the inner wall section 
in the conventional method, is not required. By eliminat- 
ing the gas-sealing means, the maintenance work is not 
required in the center of the furnace, and thus the main- 
tenance workload is significantly reduced. 
[0029] By using the rotary hearth furnace 1 described 
above, since only the rotary hearth 2 is moved vertically 
andthe relative position between the furnace shell 1 and 
a screw axis 4 is not changed, a sealing mechanism 
having a simple structure can be employed between the 
screw axis 4 and a screw axis through-hole 24. For ex- 
ample, as shown in Fig. 1 , by inserting a gland packing 
27 into a gap between the screw axis 4 and the screw 
axis through-hole 24, the screw axis4 is allowed to slide 
horizontally and gas sealing can be performed without 
fail. The gland packing can also be replaced easily, and 
thus the maintenance workload is significantly reduced. 
[0030] By using the rotary hearth furnace described 
above, when the rotary hoarth 2 Is continuously or inter- 
mittently moved downward, depending on the thickness 
of a metal oxide layer formed on the rotary hearth 2 by 
the deposition of powder of metal oxide agglomerates 
mixed into the furnace together with the metal oxide ag- 
glomerates, so that a gap is provided between the sur- 
face of the metal oxide layer and the edge of the blade 
of the discharge screw 4 during operation, the powder 
of agglomerates is not compressed into the surface ot 
the rotary hearth 2 by the edge of the blade of the dis- 
charge screw 4, and thus it is possible to prevent an iron 
plate from being formed on the rotary hearth 2. 
[00311 Alternatively, instead of providing a gap be- 
tween the surface ot the iron oxide layer and the edge 
of the blade of the discharge screw 4, even if the edge 
of the blade of the discharge screw is in contact with 
powder of iron oxide agglomerates further deposited on 
the surface of the iron oxide layer or powder of metallic 
iron produced by the reduction of the powder during op- 
eration, since the rotary hearth 2 is moved downward, 
the powder of the agglomerates and the powder of me- 
tallic Iron are compressed into the porous Iron oxide lay- 
er sequentially and only the thickness of the iron oxide 
layer is increased. Therefore, it is possible to continue 
operation without forming an Iron plate. 
[0032] The rate of descending when the rotary hearth 
2 is moved downward continuously and the amount of 
descending when the rotary hearth 2 is moved down- 
ward intermittently may be adjusted depending on the 
amount of powder of the iron oxide agglomerates {here- 
inafter, simply referred to as "agglomerates") entering 
the reduction furnace. In such a case, the mass of the 
powder of the agglomerates entering the furnace to- 
gether with the iron oxide agglomerates per unit time is 
determined based on the amount of the iron oxide ag- 



glomerates charged and the rate of occurrence of pow- 
der of the agglomerates. The mass of the metallic iron 
powder obtained by reduction is determined based on 
the mass of the powder of the agglomerates from the 

s past operating performance. The mass of the metallic 
iron powder is converted into a volume A based on the 
bulk density of the metallic iron powder. On the other 
hand, the product of the amount of descending per unit 
time of the rotary hearth 2 and the area of the hearth is 

io defined as a spatial volume B. The rotary hearth 2 is 
moved downward within the unit time so that the ratio 
A/B is 50 or less. With respect to the mixing rate of the 
powder of the agglomerates, the rate obtained from the 
past operating performance may be used. 

is [0033] If the ratio A/B exceeds SO, the gap between 
the edge of the blade of the discharge screw 4 and the 
surface of the rotary hearth 2 is decreased, and when 
an iron oxide layer is formed, the Iron oxide layer Is eas- 
ily brought into contact with the edge of the blade of the 

20 discharge screw 4, and thereby the powder of the ag- 
glomerates is strongly compressed into the iron oxide 
layer. As a result, an iron plate is easily formed on the 
iron oxide layer. Furthermore, in order to prevent the 
contact between tho Iron oxide layer formed on the sur- 

25 face of the moving hearth 2 and the edge of the blade 
of the discharge screw 4 more reliably, the ratio A/B is 
preferably 20 or less. 

[0034] The rate of descending (or amount of descend- 
ing) of the rotary hearth 2 may be adjusted so that a gap 

30 corresponding to three-fourths or less of the average di- 
ameter of the agglomerates is provided between the 
edge of the blade of the discharge screw 4 and the sur- 
face of the rotary hearth 2 orthe iron oxide layer. In such 
a way, it is also possible to prevent the powder of the 

35 agglomerates being compressed into the surface of the 
moving hearth or the Iron oxide layer by the edge of the 
blade of the discharge screw 4, and thus the formation 
of an iron plate can be prevented. Herein, If the gap be- 
tween the edge of the blade of the discharge screw 4 

40 and the surface of the moving hearth 2 orthe Iron oxide 
layer is three-fourths or more of the average diameter 
of the agglomerates, it is not possible to discharge re- 
duced iron by the discharge screw 4. The gap sufficient 
for passing the powder of the agglomerates is accepta- 

« ble. 

[0035] As described above, by adjusting the gap be- 
tween the edge of the blade of the discharge screw 4 
and the surface of the iron oxide layer depending on the 
amount of powder of the agglomerates mixed, the me- 
50 tailic iron powder is not compressed Into the iron oxide 
layer to form an iron plate, and only an iron oxide layer 
is formed. 

[0036] However, if the operation is continued while 
providing a gap between the edge of the blade of the 
55 discharge screw 4 and the surface of the moving hearth 
2 so as not to compress the powder of the agglomerates 
into the surface of the moving hearth 2, the powder of 
the agglomerates mixed starts to form an iron oxide lay- 
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er on the surface of the rotflry hearth 2 and the thickness 
thereof increases, which may obstruct the operation. 
However this iron oxide layer is porous because it is not 
strongly pressed by the edge of the blade of the dis- 
charge screw 4. Therefore, it is possible to scrape the 5 
iron oxide layer off easily with a cutter or the like. Addi- 
tionally, since the iron oxide layer is porous, even when 
the iron oxide layer is separated from the surface of the 
moving hearth 2, the layer is separated in small lumps. 
Therefore, the separated iron oxide Is not wound around io 
the discharge screw 4 or does not cause clogging of the 
discharge port for reduced iron. 
[0037] By scraping off the porous iron oxide layer 
formed on the surface of the rotary hearth 2 regularly, 
the surface of the rotary hearth 2 can be renewed reg- is 
ularly. In such a way, it is possible to perform continuous 
operation without repairing the rotary hearth 2. 
[0038] Additionally, by scraping the iron oxide layer 9 
off regularly with a culler and also by chipping the sur- 
face of the moving hearth 2 within the allowable range, 20 
it is possible to remove depressions and cracks occur- 
ring on the surface of the moving hearth 2, and the main- 
tenance period of the moving hearth 2 can be delayed. 
Furthormore, It is possible to obtain reduced iron of sta- 
ble quality. Herein, "regularly" means at the time when ss 
continuous operation is obstructed, which depends on 
the scale of facilities, and operational conditions. 
[0039] In this embodiment, with respect to the rotary 
hearth furnace, the furnace shell 1 is cap-shaped, the 
rotary hearth 2 Is disk-shaped, and the columnar parti- 30 
tion 3 is provided in the center thereof. However, the 
present invention is not necessarily limited to this, and 
the furnace shell may be annular and the rotary hearth 
may be doughnut-shaped, in the same manner as that 
of the conventional method. 35 
[0040] In this embodiment, the rail 6 is fixed upside 
down on the lower surface of the rotary hearth 2, and 
the rollers 7 provided with the elevating devices 8 are 
provided on the ground (floor) side. However, the 
present invention is not necessarily limited to this, and 40 
a method may be used in which rollers or wheels are 
fixed on the lower surface of the rotary hearth, a rail is 
arranged on the ground (floor) side, and a plurality of 
elevating devices are provided on the lower surface of 
the rail so that the entire rail is moved vertically. 43 
[0041] In this embodiment, the discharge screw axis 
and the through-hole are sealed wilh a gland packing. 
However, the present invention is not limited to this, and 
an expansion joint similar to that in Prior Art 1 may be 
used. In such a case, since the discharge screw axis so 
does not move vertically and only expands horizontally, 
tho fatigue life of the expansion joint is sufficiently long, 
and the maintenance workload due to the replacement 
of the expansion joint can be reduced. 



Claims 

1- A moving-hearth heating furnace comprising: 

a moving hearth moving with a metal oxide- 
containing material placed on said moving 
hearth; 

a heating furnace for heating the metal oxide- 
containing material to produce a heat-treated 
material while said moving hearth is moving in 
said heating furnace; and 
a discharger for discharging the heat-treated 
material from said heating furnace, 

wherein said moving hearth is movable verti- 
cally. 

2. The moving-hearth heating furnace according to 
Claim 1 , further comprising an elevating device for 
moving said moving hearth vertically, said elevating 
device being provided on a supporting section for 
supporting said moving hearth. 

3. The moving-hearth hoating furnace according to 
Claim 1 or Claim 2 further comprising a seal plate 
provided around said entire lower section of said 
moving hearth and a water-sealing trough fixed on 
a side wall of said heating furnace, wherein the 
length of said seal plate and the depth and fixing 
position of said water-sealing trough are deter- 
mined so that the lower end of said seal plate is kept 
being immersed in water in said water-sealing 
trough when said moving hearth is moved upward 
to the upper limit, 

4. The moving-hearth heating furnace according to 
Claim 1 , 2 or 3 further comprising a columnar par- 
tition provided on said moving hearth and a roof 
having a recess, wherein the top of said columnar 
partition is inserted into said recess and the height 
of said columnar partition and the depth of said re- 
cess are determined so that the top of said colum- 
nar partition does not come out of said recess when 
said moving hearth is moved downward to the lower 
limit. 

5. A method for making reduced metal agglomerates 
using a moving-hearth heating furnace which com- 
prises a heating furnace, a moving hearth moving 
in said heating furnace, and a discharger for dis- 
charging a material from said heating furnace pro- 
vided above and in close proximity to said moving 
hearth, said method comprising the steps of: 

feeding metal oxide agglomerates containing a 
carbonaceous material onto said moving 
hearth; 

heating and reducing the metal oxide agglom- 
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erates to produce reduced metal agglomerates 
while said moving hearth is moving in said heat- 
ing furnace; and 

discharging the reduced metal agglomerates 
from said healing furnace by said discharger, 5 

wherein said moving hearth is continuously or 
intermittently moved vertically depending on the 
thickness of a metal oxide layer formed by the dep- 
osition of powder of the metal oxide agglomerates io 
mixed into said heating furnace together with the 
metal oxide agglomerates so that a gap is provided 
between the surface of the metal oxide layer and 
said discharger during operation. 

15 

6. The method for making reduced metal agglomer- 
ates according to Claim 5, wherein the rate of mov- 
ing said moving hearth downward continuously or 
the amount oT moving said moving hearth down- 
ward intermittently Is adjusted depending on the 20 
amount of powder of the metal oxide agglomerates 
entering said heating furnace 

7. Tho method for making reduced metal agglomer- 
ates according to Claim 5, wherein the rate of mov- 2$ 
ing said moving hearth downward is adjusted so 
that a gap corresponding to three-fourths or less of 

the average diameter of the agglomerates is provid- 
ed between the edge of a blade of a discharge 
screw of said discharger and the surface of said 30 
moving hearth or the iron oxide layer. 
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